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ABSTRACT 


Tae aditiuse field of marine analytical organic chemistry 
"SS Syosuematically analyzed to select sonees for measuring the 
trace amounts of dissolved organic compounds which can be a- 
dopted as standard, rapid, routine tools to advance the ocean- 
Ographic understanding of this important aspect of the ocean. 

ine many methods considered for measuring dissolved organ- 
ic compounds in seawater have been systematically reduced to 
three systems that are potentially routine and rapid for ship- 
board work. These include quantitative sas chromatographic 
amebysis Of all amino acids and qualitative results for histi- 
dine, cystine, tryptophan, and arginine; gas chromatographic 
Gaby sis Orelapsas including light hydrocarbons, fatty acids, 
ame SteCrolts, anc; autoanalysis with tetrazoleum blue after 
Cmere@almacsorpeion for soluble sugar compounds like glucose, 
sucrose, emd fructose. 

Pumping systems or glass samplers on a chemically inert 
hydrographic wire followed by pre-centrifugation and inverse 
multiple filtration in combination with a selected analytical 
seneme will provide a system for routine analysis of seawater. 
Synoptic data of these compounds can be compared with total 
organic carbon which is currently the only routine analysis 


for organics in seawater. 
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E.. TERODUCTION 


The presence of trace amounts of organic matter in sea~ 
water is well documented, but their importance is not as well 
known [Vallentyne 1957; Collier 1953; Wangersky 1965; Kalle 
1965; Wagner 1969]. Their minute concentrations have defied 
meoLvMmie analysis"and prevented an wnderstanding of their role 
mm oceanography. Only recently has it been recognized that 
these dissolved organic compounds account for important phy- 
Sical, as well as biological and chemical differences between 
macural seawater, and salt solutions of the same mineral 
composition [Table I]. In order to determine the precise role 
these organics play, so that they may be used to predict and 
mmG@erscanma @ceanic processes, reliable, routine systems to 
identify these dissolved species are essential. A main objec- 
wee —Citomeneows 1S tO Systematically select current tech- 
mrdues woren will “make it possible for the chemical 
Sceanoerapner to place less emphasis on analvureal chemists) 
and more on a study of the ocean. 

| Dissolved organic matter is operationally defined as that 
Srcanwe Siistance™ passing through a filter with a pore size 
of 0.45 microns,. under laboratory conditions. Because of 
tis Swiemet Ssiee, and the fact that on the average, every gram 
of organic matter is dwarfed by 36,000 grams of salts in 
900,000 grams of water, the essence of the problem is Ome 


venence relatively enormous amount of salts, while 
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Pretoent so Ol SEAWATER AND OCEANOGRAPHIC PROCESSES THAT 


ARE INFLUENCED BY DISSOLVED QRGANIC MATTER 
BIOLOGICAL d 


Energy Sources [Johannes, et al. 1969] 

Growth stimulators, e.g., vitamins [Johnston 1955] 
Orpeamic toxins [Hood, et al. 1960] 

Physiological processes of organisms [Provasoli 1963] 
P@arpribuewen Of bigacoustic properties [E.D. Traganza, 
personal communication ] 

Poaiivemeswend cOntemanants {Goldberg 1970] 
Photosynthesis, metabolism, mineralization [Wagner 1969] 


Chesil CaM, 


Interaction in calcium carbonate system [Chave and 
Suess 1970] 

Interaction in nutrient cycle [Menzel and Ryther 1970] 
Fluorescence [Traganza 1969] 

Ion-exchange properties of clays [Duursma 1970] 
itjveraculon an CO5 system 

Synthesis of marine humus [Kalle 1966] 


PEYSICAL 
Water mass characterization [Blumer 1970] 
Sea slicks and surface viscosity [Jarvis, et al. 1967] 
Surface tension [Lumby and Folkard 1956] 
Color [Christman 1970 ] 
Sound transmission [Hood 1966] 
Heat balance at air-sea interface. [Hill 1962] 
Foaming properties [Garrett 1967] 
Surface potential [Jarvis 1965] 


GEOLOGICAL 


—— of petroleum in marine sediments [Slowey, et ai. 
1962 | 

Properties and composition of sediments [Degens, et al. 
1964] 

Radiocarbon dating [Emery 1960] 

Ceerirrence i ferromanganesewminecralts on sea floor 
[Graham 1959] 

Dating by pigments [Vallentyne 1957] 

Natural light and heavy hydrocarbon seepage from oil 
bearing submarine sediments 
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eereentrating the minute amount. of organic matter to reason- 
ably measurable Pecos: 

Many concentration and desalting procedures have been 
proposed to separate classes of compounds Beet "sea salts." 
These techniques are scattered throughout the literature in 
oceanographic, chemical, engineering, and geological jour- 
Hels. Many~of these incorporate reactions or procedures 
which are specific for particular compounds, while others 
eee PosmLave results for dwstinet molecubar groupings. 

Some methods have been completely worked out; in others, 

only preliminary steps have been attempted. Each of the put- 
measweagw papers contributes only relatively small pieces of 
information to the organic puzzle. No real effort has been 
made to stev back and examine what progress nas been made in 
peo wela, and into which areas to direct future work. such 
an approach at this point will be very valuable. 

The analysis of organic matter in seawater can be thought 
Gias a Sysvem of interconnected procedures. As compound 
isolation aud ““denvitrecaviion methods are improved, particular 
tecmma gues = svand Out as superior in various ways. This be- 
comes evident by their successful use in field and laboratory 
work. At the same time, other methods seem to have no re- 
deeming value in the Vigne of mere Sophisticated, accurate, 
and practical procedures. A careful examination of the ad- 


vantages and disadvantages of each technique, and of their 


PRecision, Sensitivity, and selectivity will be valuable To 
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future investigators for optimizing systems for trace organic 
analysis in the ae 

In the sequence of organic campound identification one 
must start with accurate sampling, followed Se nondestruc-— 
fave Lt Lieration orwecentrifugation, concentration and/or 
@eselting which must not alter the samples, and finally, 
quantitative determination of the individual species present. 
Laboratory procedures and handling often will cause degrada- 
mC Oreaietetrocton Of the dissolved species, which are indi- 
Beus voecne very dilute, natural marine environment. In 
addition to this inherent source ol: erromeous results, Caere 
is the obsequious contamination from such externals as 
Bomplers, sempler handlers, filters, reagents, and so forth. 

ame waper Wsedirected. te the search for routine organic 
wie eesome to the weed for a»more consolidated effort to 
Spemerrye=thne procedures for measuring aueaeukeamoneanic mat-— 
wer. The results of this work will be used at the Naval 
Peseeraduare School to focus on the “ideal" compound, or 
CemPounes, wich are relevant, relatively easy to measure, 
augware Variable in the ocean. Data on this or these com- 
pounds' presence and concentration will be complemented with 
a total dissolved carbon method to study the marine 


environment. 


A. - DISSOLVED ORGANIC COMPOUNDS PRESENT IN SEAWATER 
Tere sare mamay types of dissolved organic compounds in 


the ocean. Stumm and Morgan (1970) have concisely tabulated 


il 
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these naturally occurring substances [Table II]. The distri- 
puciommot the free pore Geers fees Deen Instructively pre- 
sented by Degens (1970) [Figure 1]. This paper will show 
the results of a systems analysis for EO ae menosaceHanaddes , 
tips and their derivatives, and free and combined amino 
acids. These three groups were chosen because they are sig- 
nifieant in the ocean, and much has been published on methods 
to identify these compounds in seawater. 
io Lubes Sugars 

| Among the life substances, monosaccharides or hexoses 
eee principally derived from planktonic activity in the eu- 
photic zone. They are the hydrolysis products of higher 
"Carbonydrates. Knowledge of their presence and concentra- 
tion can therefore be a valuable measure of the past and 
Peewee Deoloecrcal activity in an area.. Paradoxically, with 
all methods that nate been developed to quantitatively measure 
Hicmeraual organic Gompounds in the sea, the techniques used 
POmmenc@ececemarides have been, in the Past, the least faumene 
Ouse least sensitive, least accurate, and least reliable. 
mitmwasweme, In part, to the fact That monosagcharides are 
especially susceptible to bacterial digestion, decomposition, 
and rearrangement during seeeeserstie and desalting proce- 
dures. Also, monosaccharides are unstable, very reactive 
Organic compounds which may affect the diagentic processes 
LJosefsson 1970]. However, there is now a good deal of op- 
timism for improving these methods to the point where 


development of a POouUbbae analysis is likely. 
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AMINO ACIDS 


(COMBINED) 


FIGURE1 -Distribution of free constituents in sea water. The individual samples have 
been grouped into systematic classes of compounds and have been plotted 
in the form of cumulative frequency diagrams to summarize’ the 
information in a comprehensive form. The diamond-shaped figures 
represent the 2 sigma range. The data are presented in wg C/liter to allow a 
direct comparison to the total dissolved organic matter which is generally 
reported in mg C/liter. ( Degens, E.T., 1970 ) ae 
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ee Amino Acids 

Amino acids are another important water Sonic hydro- 
ies Preawet, derived from proteins.. They have been found to 
be biologically important to marine ecology in many ways. 
These include excretion Deo len icrenmanamits 1iZationwby algae, 
bacteria, and marine invertebrates. They are essential for 
growth in some species of phytoplankton by satisfying certain 
micro-nutrient or vitamin requirements [Shiraishi and 
Provasali 1959]. 

Pmiee aC G'S have been found in all oceans, and are 
variable with depth. They are continuously being recycled 
my ene marine environment. FPliux data as well as concentra-— 
_tion levels are keys to understanding community energetics. 
weet lap le mepaod GC measume, this component is mee@eda te 
Serrelate the many biological events and other properties in 
the sea. 

B. deioads 

ihewekass lipids includes compounds that may be. 
Smemacally unrelated, but are all characterized by their 
Poiebi lity in Cpeanucase lvemrs lke emayl acetate or chillers 
oform. They are commonly esters of fatty acids. Their deri- 
vatives include hydrocarbons, mono-, di-,and triglycerides, 
sterol esters, steroids, free fatty acids, and phospholipids. 

Lipids have been more extensively examined because 
they appear to compose from 10-50% of the total dissolved 
organic carbon in seawater [Jeffrey 1970], and they are 


relatively easily separated from seawater by liauid 


sus 





~ 


extraction. They have been found in natural surface slicks, 
deep anoxic waters, — surface Mewmers, in both coastal and 
oceanic environments. They were found to be directly pro- 
portional to the total dissolved organic een which in 
turn is proportional to the distance from land and depth of: 
water [Jeffrey 1970]. 

The high concentrations of lipids found in sea water 
result from the fact that they are more resistant to biolo- 
gical attack than amino acids or carbohydrates and because 
of their relative greater abundance. A knowledge of their 
Serncencractions would help determine the natural background 
memperemol Ved Oreanics in the oceans, before human pollution 
Becemes exLensive. 

Pygteeocem@ens, considered a lipid in this study. have 
been found in all depths of the seas [Swinnerton and 
Linnenbom 1967]. Garrett (1967) found that lipids are a pri- 
Mery constitutent of natural sea slicks that alter the phy- 
Sical characteristics of the air-sea interface. In addition, 
Too anew Moriagontal fatty acids profiles may be used to 
study mixing rates and current patterns in the ocean [Slowey, 
et al. 1962]. 

A more detailed study of the relationship of lipids 
to marine organisms can be found in a paper by Lovern (1964). 
In this valuable paper Lovern Paiseeee thew lip tds om smarlLnie 


plants, invertebrates, vertebrates, mammals, and their 


metabolic roles, for example, in marine diets. 
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IT. SAMPLING PROCEDURES 


Taecitttea! ahalysis of the methodology for measuring 
OmesOlved organic matter in seawater, it eeconee apparent 
em@eat despite the improved analytical techniques for isolating 
and identifying the trace organic constituents, methods for 
sampling the seawater have not progressed to the same level 
Of development. In fact, in many papers dealing with the 
determination of these dissolved species the sampling method 
mmoemeel Obscure Or undefined. This seems to indicate that 
perhaps not enough consideration is given to this fundamen- 
tal step in the whole system. The results of current organic 
G@emsysis are for the most part dependent on a large, 
uncontaminated sample that is representative of the seawater 
tested. 

ime primary reason. for proper sampling procedures is to 
prevent probable contamination of the seawater sample from 
Piewaevice itself, or during transfer and storage of the 
sampler. This contamination is effected by a variety of 
degradation or condensation reactions catalyzed by container 
Wawls resulting in loss or modification of the compound 
pewene, Of ICS phase transfer. Furthermore, regarding or- 
Gemre Constituents, contamination of even a few orders of 
magnitude below total organic carbon (generally <1 milli- 
eam iter) is critical relative to Uthe concentrations on 


meominaividual component compounds present. - 


sel 
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Many seawater sampling devices have been proposed or used. 
Table III is a neon of samplers that have either been 
designed specifically for dissolved organic matter, or sam- 
plers Chat have been modified far this use peeaise of their 
large volume and potential low contamination. Table III 
was prepared using certain criterion for the "ideal dis- 
solved organic matter sampler." These criteria are based 
on those of Clark and his co-workers [1968] and include: 

1. minimum contamination 


2. large volume sample 


Geaecase Of Shipboard handling 


4, ease of cleaning and short turnaround time 
S. s#mplicity of design 
6. reasonable cost 


PVeveowuTeim@ot Oran Cc reacvilOnms, ©€.2., Oxidavion, ama 


co ™N 


» Meese Of CtCransfer and storage- 

With respect to the large volume criterion, it must be re- 
membered that there are analyses that require small volumes 
Chat may have a better chance of becoming routine for 
Sc-aaofpraphic studies. 

These devices in Table III collect large volume samples 
in two ways: either by continuous pumping on board, or by 
eollecting descrete Seiieeees . een y ove me ecm Gesi fice LOT 
eltieagee collection, or at depth. Some samplers may include 
ime filtration (see filtration séction). There is very 
little Pet ical comparison of various samplers [Gordon 1969], 


and it is hoped that Table III will be helpful in listings 
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alternatives to solving the contamination-sampling problem. 
i this regard, a Seanterd Senewatie preecedure ts preferable 
and may be obtained by utilizing the desirable aspects of 
each of the samplers listed. An ideal oper fer Universal 


usage may be a possible outcome of this study, similar to 


me results of CMark an@ his co@workers (1968). 


A. MATERIALS 

Mest imawestigcators in this field will insist that glass 
meoehe best material for collecting uncontaminated samples, 
mao Glass is expensive and oe ciaieeult maverial Co use in 
meiourueting Samplers. Metal containers are not often used, 
except for stainless steel, due to impurities and also 
Peactivity (eC MOoreanscs.  Seme plastics emit soluble plas-— 
PECneerS Inve a Sample and thus contaminate it. It has been 
Shown that such commercially used plasticizers as the 
m@aopmealicte esters bleed out of container walls during storage 
or processing [Nishiwaki and Fukai 1970]. Jeffrey (1970) 
pecemmends DOlyvinyl chloride because it is less expensive, 
allowing a more universal standard usage, and that any 
contamination from PiiicomoulemelempyesOhkubple plasticizers thar 
moe possiple, 1S apparently at a very low and acceptable 
Pare. SHOmm@entewcaces, Che proper procedure before using any 
maroon a sampler is to examine its specific interference 


moo coe Oreanic compound or compounds under study. 


aS 





B. SAMPLING DEVICES | 

if symoptac en are desired, large multiple quanti- 
ties of water must be collected. This implies the Nansen 
bottle type casts, but more commonly a pee sampler fasten- 
eemvo the end of a hydrographic wire. The resulting collec- 
tion and shipboard filtration becomes a slow and extremely 
cumbersome task. Several investigators have overcome this 
problem by pumping seawater samples from depth and, in some 
Gases, subsequently through a filter, and adsorption or ex- 
Poach MOnmMniN:, i OnemeontTinuocusseoperation. This te@ehnique 
pmovides large volume samples up to 9000 liters providing 
three milligrams of organics [Jeffrey 1969]. This procedure 
also eliminates the extra handling involved in filtering, 
peomsieas, and stomage. However, attentblon must be given to 
eemvamination by=sain or loss of dissolved compounds in the 
pub, Sema sehe rupture of biological e@ells by the pumping 
meenmaque. Also, it should be moted that with deep water 
pumps, submersible pumps have the advantage that they take 
in samples at the desired inlet at the end of the tubing, and 
are bubble-free; whereas deck-operated pumps may take in 
"samples" from any opening or leak along the entire length of 
the pump's tubing and are unsuitable for gas-free sampling. 
Nevertheless, recently, more and more investigators are using 
Submersible pumping (and filtration) units in their study of 
dissolved organics [Jeffrey 1969; G.W. Harvey, personal com- 
menication|]. It is» net clear whether aie technique is wholly 


— 


satisfactory with respect to contamination, or how much mixing 
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takes place in the line, put ates potentially very ae eile 
mainly because it a see analysis. Woods Hole Oceano- 
graphic Institute [Dr. Blumer and Dr. Edhardt, personal com- 
munication] is pumping from 4 depths with 4 — at each 
Pav cO,ODLaAINn Synopeic replicate profiles. 

The sea surface contains higher concentrations of dis- 
Pemvead Oreanic matter Chan other positions in the water col- 
umn [Garrett 1970]. It is an area of increased microbial 
activity [Williams 1967] and a possible significant site of 
photochemical reactions [E.D. Traganza, personal communica- 
tion]. Collection of seawater samples in this microenviron- 
ment is vital. Organic matter, especially polar and water 
insoluble species, show sharp concentration gradients in 
Meese layers. The collection problem here is to obtain 
representative samples from a thickness from one centimeter 
to several Angstroms. Garrett (1965) and Harvey (1966) and 
others not listed in Table III [Goering and Menzel 1965, 
1967] have proposed samplers to do this. Although much of 
the early work on sea slicks [Jarvis 1967, and Williams 1967] 
meve Deen done using Garrett's sampler, low efficiency with 
respect to total collection of materials present, due to 
adsorption on the Monel metal collecting screen, vertical 
mexaing from Seiler: and floating surface contaminates, all 
contribute to give only qualitative data, at best. 

Harvey's rotating cylinder apparatus seems to avoid these 


problems and also makes it possible to sample a much larger 
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sea-surface area more eae) y and to collect layers as thin 
as 60 microns. James Reed (1969) has successfully used a 
modified Harvey "skimmer" to collect lipoid substances from 


a 


the surface film of "windrows" in Monterey Bay, California. 


C. QUALITY CONTROL 

Quality control is an important aspect of accurate sam- 
Peeic tet must be borne in mind no matter which sampling 
technique or device is used. Bowen [unpublished] and Hood 
(1968) have established quality criterion analysis for sam- 
pues which are collected individually or continuously, re- 
spectively. Generally, measurement of any chemical patwame Ger 
that has established or easily measured concentration grad- 
7ents should complement any hydrocast to assure that the 
Pwieme 15 properly associated in the synoptic picture of the 
ocean. Actual sample depth, and recorded sample depth as 
indicated by the depth. at which the tripping mechanism was 
activated are frequently not the same. This is especially 
important in the case of the very large volume samples 
[Schink and Anderson 1969]. Such chemical properties as 
eee oy dissolved oxygen, silicate, and phosphate have been 
Meee ra Veriiy tne Organic concentrations. This is normally 
done by comparing consecutive organic subsamples for agree- 
mence with the known or established concentrations profiles of 
a Chemical parameter at each hydrostation. This procedure has 
mer beech! USe€d in the majority of the papers reporting organic 


Ipere eer COonmecentratvions in Seawater and is possrtbly a major 
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fmoaeen for the lack of agreement on many Oreenecwprofiles 


\ 


published by various authors. 


IIIT. STORAGE AND CLEANING OF APPARATUS 


Once a large water sample is collected for subsequent 
Gissolved organic analysis, it must either be processed im- 
memiately, or preserved and stored for analysis in the insti- 
tutional laboratory ashore. If sampled properly, the task 
of immediately processing the water collected follows direct- 
ly, assuming that all glassware and materials that come in 
contact with seawater are scrupulously clean. If it is 
necessary to store the sample for future work, several pre- 
“cautions must be taken. During storage, the quality of the 
Sample may change due to adsorption of organics or daetritus 
Onto container walls, and to microbial degradation or utili- 
Zeacion. The former problem is solved by following the same 
criteria for choosing the type of material which is suitable 
g0r Sampler construction. Tne latter problem has been 
resolved to varying degrees by the use of acidification 
[Webb and Wood 1967], chloroform [Chau and Riley 1966], 

HgCly5 Meneneson 1970], thymol [Palmork 1963b], and deep- 
freezing of the sample [Degens, et al. 1964]. These proce- 
dures, although used to prevent bacterial activity, may also 
kill organisms, releasing their cellular components [Webb and 
Wood 1967; Gilmartin 1967]. Parker (1967a) suggests that if 


mamediate analysis is not practical, then freezing aS 
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permitted. However, while stored at low temperatures, ad- 
Bermovion of are wae inttes), (aaa CO5 fixation by contami- 
Pauline MPcro-—-OGrganisms may be possible sources of additional 
Organic matter. In general, any method of Pouence ne 
mreroblological aetivity should be examined carefully to 
Pomme reduine addrvional sourees of experimental error. 

ieee inet o—Creanic analysis, ultra clean chemical 
apparatus is vital. This is especially true when working in 
the parts per billion organic concentrations found in sea- 
water. If possible, work should be done in a "clean" room 
tO prevent contamination from such unsuspected sources as 
room air vents [Blumer, personal communication]. Such 
substances as stopcock grease and impure solvents should 
never be used. Glass and plastic eaquipment must be thorougn- 
iweleansed of all possible contimination. Dr. Jeffrey 
[personal communication] has recommended a scheme which she 
Moses in all trace organic work. In it, polyvinyl chloride 
is cleaned initially with soap and water, then rinsed with 
"clean" ethyl alcohol and again with acetone. "As for cleaning 
glassware, a good scrubbing with soap and water is done 
Bite vyemnollowed by distilled water rinses. The otass ess 
then soaked in good cleaning solution (chromic acid and 
HS0y), then rinsed with distilled water. To remove any 
traces of insoluble grease that the cleaning solution may 
not have oxidized, rinses with acetone, chloroform, and 


alcohol’ are adequate. After drying, the glassware should be 


- 


4 


covered with aluminum foil. If samples of less than a liter 
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are processed, ane = the Tie to Findlly rinse with 
eagzanic-free distilled Vater a  iemc ate sOmmatned  ubyapulting 
5 grams/liter of potassium persulfate in distilled water and 
weaving it overnight, or by ultraviolet radiation of water 
eencaining 1 ml/liter of H50. [Jeffrey, personal Sonminacneaenn: 
When glassware is not in use, it should be covered, and 
meiecrociea 7,ust before use. Another alternative is to store 


miin Gistilled water containing 5 gem/liter of persulfate 


solution. 


Vee AT LON. PROCEDURES 


It is evident from Tables IV,V, and VII and the results of 
Parker (1967a) that many investigators fail to describe the 
Mewalls of their filtering procedures. Since many artifacts 
may result from improper filtering techniques, meaningful com- 
Memrcol OL results of various authors is not possible unless 
Seder a2 Standard procedure is adopted, or the filtering step 
mor aescribed completely. That is, the type of filtration 
should be specified including the type of membrane used, pre- 
treatment, pore size, amount of POSsilaiveror necative pressisser 
filter surface area and volume filtered. Parker (1967a) has 
Peeecented a valuable comparative study of various methods of 
im—roverine natural waters. 

eeicmorrimetpal reason for filtering seawater samples iS Uo 
@erain the dissolved organic fraction free of plankton, par- 


mmeulave Matter, and bacteria. The filtrate of seawater, 


eg 





-_ 
—_ 
_ 


~ 


— 


peeoed through a filter of 0.45-microns Dere sl Ze "1s commons, 
eeneidered to Be itia Only erne dieeerved organic fraction. 
However, Ogura (1970) has found that dissolved organic parti- 
cles, less than 0.45 microns are sometimes mA gadined ona 

0.45 micron filter by adsorption onto the surfaces of inorganic 
Pemorecantc particulate matter that are held back by the fil- 
tere this Mndireates that perhaps a group of dissolved com- 
memnas oat may be susScept®ole to adsorption may never have 
been detected. Garrett (1967) realized this phenomena and 
meermnol titer his sample before arfalyeing for organics at 
the sea-surface interface. Ogura (1970) also indicates that 
fuer werm fractionation of the @issolved species is possible. 
Peommeay be a useful tool to isolate the dissolved compounds 
me weoleculas sige. For example, he’ found that in a 
ocenedesmus suspension, filtration through filters of de- 


wero pere Sze resulted in the following breakdown: 


SL oe RANGE % CONCENTRATION OF 
(MICRONS) DISSOLVED ORGANIC CARBON 
O.45 =. O22 8 
Ome2e=—0710 4 


Oi; 10 88 


Parker (1967a) found that although a 0.45 micron pore filter 
does not remove all bacteria, a small pore size (viz. 0.22 
micron) may trap hydrated macromolecules that are part of 


the dissolved fraction. Johannes (1968) noted that the few 
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bacteria that are allowed eo pass Ones micron pore ee 
ene snot enough to sais ae MOorwune fumsimecomple of 
Memes: . 

Cellulose ester membranes [Millipore, cern, Schleicher 
and Schuell Companies] are the most commonly used filters in 
the field despite some of their inherent pitfalls. Glass 
Peeper filters andemetal fiber filters, such as silver, are 
being used more often. Membrane filters can be washed, are 
readily available, and allow a reasonable flow rate. How- 
ever, they contain 2 to 3% of their dry weight as detergents 
eelmeas Triton %-100 [Chan 1967 lew In addition to the con- 
Gamonavion, this causes a foam in the frltrate if not complete- 
ly washed, and can cause cell rupture. Such interference méy 
egmiuse the anvestigator, as reported by Wallace and Wilson 
(1969) and result in erroneous results. Furthermore, 
Guillard and Wangersky (1958) found that unless membrane 
filters are washed weieuere use, they will elute soluble car- 
Pemerevecw sim tact, they caution that significant errors 
Will result if samples less than one liter in volume are 
passed through these filters. This soluble carbon can be 
removed by passing 60 ml. of 0.1N HCl through the filter 
[Parker 1967a]. Glass fiber filters owe their increased 
usage to the fact Vitec Melee eoLeay ly Cleaned in an 
autoclave or by ignition. Parker (1967a) found that, out- 
side of filtration time, there was no significant difference 
in total carbon produced using a peeuaened 0.45 micron 


= 


membrane [Millipore] filter, and a 0.45 micron silver fiber 


Bae 


= 
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fever {Silas}. The total filtration time in this study was 
much longer for Hsien fiber filters, than for membrane filters. 
Jeffrey claims that Gelman 0.3 micron glass filters are as 
Peea aS Millipore. “They are easily See secieae amd t hey ti 1 - 
ter faster because they are thicker and have more surface 

area [Hood 1968]. Menzel and Vaccaro (1964) recommend filtra- 
tion with pre-combusted glass fiber filters that have been 
rinsed with a small amount of sample prior to use. Blumer 
(1970) claims that clean extracted filter paper, although not 
as retentive as membranes, eliminates cell injury and allows 
meeevtuy frltracrion. In a’ comparative study, he found aat 
paper filtration and consecutive filtration through paper 

and clean membrane filters allowed the same materials to 

jess. ne coneludes that paper filtration is adequate for 
vemicauive toeneificCation of dissolved organics; whereas 


Peevitcy filtration followed by membrane filtration is 


@estirable for quantitative work. 


fee CEE RUPTURE 

As more precise methods of eneisysis are iamvroduced, re= 
Seow eemetumired by cellular material rupturing on the fil- 
ter and falling into the filtrate, increasing apparent 
Comeentrations of some organic species. It has been verified 
UPbeeeamseonewcspecially naked flagellates, are subject to 
cell rupture above a certain, but unknown, pressure drop 
Seweics thewialiter [Nishiwaki and Fukywa 1970]. Gentle posi- 


Cive or negative pressures may be used to increase the flow, 


Se 
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bie NON-destruction of cells must be assured. Many reported 
values are probably eee meeamse or celd fragments 
adding to the dissclved content of a filtrate. 

Odewot the reasons for using pressure Hoa eieuat e filter 
iow, Pow eOuevercome= rie resulvines clogping of the pore af- 
merepassagpe Of water over a period of time. This also, in 
effect, decreases the pore size allowing only progressively 
smaller and smaller particles to pass through. A system 
meme woumd Obviate applied pressure, and minimize the clog- 
mies Limitation is a Seacies Perterinesunit.. Siucheatunit , 
in which the sample is passed through several membrane fil- 
ters of decreasing pore size, has been used by Lysyj and his 
‘co-workers at the U.S. Interior Department's Department of 
Saline Water (1968). They used a two stage cascade unit, 
and are planning a multistage assembly. . Lewis and Traganza 
(i971) tm their Wes have used a system of decreasing pore 
Seezead fritted glass filters with the added feature of filter 
inversion to allow gravity to work against the organisms, 
which might Ceemie tt iters, ive., “Chey fall "away. Traganza 
(1969) and Pomeroy.and Johannes (1966) used systems based on 
this principle reported originally by Dodson and Thomas 
(1964). Since the above problems ioe eliminated, this will 
improve the efficiency Ol feeer tt alive ror fract Lonarvon’. 

Centrifugation has been used as a pre-filtration step to 
memeve cells that might either rupture on the filter, or 
ele it. Parker (€967a) found thet centrifugation at 6900 


x g followed by ember temp vanme Oreneral fiber filtrasion 
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mee very efficient in ne woye ne seston from seawater eee 
Lewis and Traganza (1971) Pee the same conclusion and 
have suggested constructing a large volume, 10-20 liter, 
Maer tuce as a pre-filtration step. 

Mio tivaao ton is another solution to the cell rupture 
problem. Such devices as the "biodialystat" [Parker 1967b], 
the "rupture disc triggered" sampler [Clark, et al. 1966] 
and the submerged membrane filter apparatus [Williams 1969] 
may significantly minimize cell rupture as well as minimize 
fomple HNamdling. This technique has also been applied to 
submerged sampling-filtering pumps [Spencer and Sachs 1969]. 
Filtering Qu ambient pressure Should provide a very repre- 
Peomvaetvye Sample of the dissolved organics as they exist in 
Mee @arine Grviromment. The biodialystat, which is not a 
maeeer Inthe Ssurict Sense, operating on the principle of sol- 
ute diffusion, has shown much potential. According to 
Parker (1967a), the "biodialystat" is more efficient than 
Mmmeueadt ton. Lt mov only keeps cell injury to a minimum by 
Penvering Imesmtu, but it is designed to prevent filter 
clogging and also to preserve the sample for 96 hours after 
Ceibeerv1on Dy Scaling and Storing in the unit. Although work 
with the "biodialystat" has been limited primarily to fresh- 
water eemoieines (Paricer [personal communication] believes 
Blewett MOmrecocen it Can nol be used in the marine environ- 
mea . This may be an optimistic view for salts usually kill 


good ideas conceived for freshwater. 
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V. ISOLATION PROCEDURES 


A. AMINO ACIDS - 

There has been a relatively large number of papers pub- 
lished on the jsolation and measurement of dissolved, free 
ea Combined, amino acids. Table IV presents the major 
Comeributions for detection, isolation, and analysis of these 
ipercamy Compounds in the marine environment. Amino acids 
Weve been found in most oceans, bays, estuaries, and gulfs 
at the surface and at depth. Typical concentration levels 
that must be detected range from <0.5 we/liter to te 
ep). Hrem the data in Table IV, all investigators have 
filtered their samoles to remove particulate matter and 
bacteria. Most have used 0.45 micron pore-size membranes ,while 
a feu, in more recent papers, have used filters with a pore 
size of both 0.45 micron and 0.30 micron, with no apparent 
on micvl@em@ecoUllls wath respect to concentration magnitudes. 
Degens, et al. (1964) filtered with vacuum. High pressure 
drops have been shown to be a cause of cell Pup wure: whieh 
oe Partieeeeee lain his higher concentrations of amino acids. - 
Bacterial decomposition, especially a problem with amino 
Glee Stes Oeem Inhibited either by Mreezing, or the addi- 


PiroOnmol veM@meroetorm, Chymol, or HgeCF Ge 2 combination of a 


Dee 
Chemica preservative plus freezing. 
Pnemecali the methods for detecting amino acids are viewed, 


four fundamental schemes are apparent. After-filtraticn is 
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Semplete, these are generalized -by the flow diagram in 
- \ ; 


Figure e. 


HO 


(A) 


CO-PRECIPITATION ILON-EXCHANGE PENI NT eArTTOn 


TO CONCENTRATE DESALTING 





(B) 


DERIVATIVES OF SOLVENT 
AMINO ACIDS AREY EXTRACTION OFb} CONCENTRATE +1 DENTI- 
PRODUCED DERIVATIVES BY EVAPORATION | |FTCATION 





(C) 


CONCENTRATE [TDENTI- 
BY EVAPORATION FICATION 
| ee el ileal ects coe 


















CONCENTRATION ION-EXCHANGE 
BY EVAPORATION ]*| DESALTING 









(D) 


TON-EXCHANGE CONCENTRATE BY 
DESALTING EVAPORATION | IDENTIFICATION 


eee 2. KlOw Diagrams for curren 
Methods of Anisicoe Acid Analysis 


oe 
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The. details of each @iily these steps will follow —— aA 
Bhis section. | 

The co-precipitation scheme A, developed at Texas A & M 
University, represents the first successful attempt to qual- 
itatively determine the presence of amino acids in seawater. 
However, poor recovery of <50% under most conditions, and 
the long and laborious work involved to concentrate a sub- 
stantial amount of organics makes this method less desirable 
meno her S [Chau and Riley 1966]. Commercial ferric 
chloride used to coprecipitate the organic matter introduces 
Per eeneeus Oeeanic carbon which is difficult to avoid. And 
finally, especially for large water samples, it is difficult 
to remove the iron and other co-precipitated cations 
(Jeffrey 1969]. 

Scheme B, which processes the chemical derivatives of 
amino acids, has much potential. One nice advantage of this 
technique is that the ee hes can be manufactured in 
the field and preserved for analysis ashore, analogous to 
the Mmt© addition step in the Winkler dissolved oxygen meth- 
@d. The 2, 4-@initro-l-fluoro-benzene method [Palmork 1963a] 
seems to work better in natural seawater than does the recent 
dansylation method (l1-dimethylaminonaphthalene-5-sulphonyl 
chloride) Aeweaa eS by Litchfield and Prescott (1970), [Webb 
and Jeffrey, personal communication]. However, the dinitro- 
phenyl derivatives are unstable and light sensitive. Palmork 
bepenwed only “the recovery of neutral and aromatic acids, 


—_ 


and Chau and Riley (1966) found poor recoveries for other 


ae 





amino acids by this method. Suitable automation of the 


chromatography, after the dinitrophenyl derivate manufacture 


and its jwwieecron, mle eve lop sehnis into.a useful method. 


Pawewebeatwon 18S vehe reaction of amino-terminal residues 


a“ 


meeeemomis. Deol ides, or free amino acids with 1l-dimethyl—- 


aminonaphthalene-5-sulphonyl chloride (DSN-Cl) to form 


highly fluorescent amino acid derivatives. 


Ci Gal CH CH 
3 
N N 
yo R Q 
| I 
N- CC - C - OH > +e 
\ n= 
R OC 
S05C1 SO,-N-C-C-OH 
H 
DNS-Cl a-amino "Fluorosphoric amino 
Compound derivative" 


Although Dr. Webb found that dansylation did not work 


Poaeeeiimesecavaber, Nis C€xaminations were not exhaustive. Be- 


cause this process yields stable derivatives that are amen- 


memes COP miesnly Sensitive fluorescence spectrophotometric 


eterejsis It Should be more extensively investigated in the 


future [E.D. Traganza, personal communication]. 


Scheme C, first proposed by Palmork (1963b) was employed 


by Chau and Riley (1966), wno, after a careful and complete 


—_ 


Pee sO eprOcecures proposed up to that time, recommenced ic 
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mee the. most reliable method to determine amino acids." 
The salient feature of this scheme is that the sample is 
alternatively evaporated, while periodically removing salts 
Peon the mover Liquor, and desalted with cation exchange 
resins. This method seems to work favorably and has been 
recently modified by Riley and Segar (1970) and is now claimed 
bO be More precise, twice as sensitive, and less time consum- 
ing. The changes introduced by the latter investigators were 
the use of Dowex 50W exchange resins in place of Amberlite 
CG 120 resins in the desalting step, and a Chromascan [Joyce 
Meepte Co. | to identify the TLC spots. 

ocheme D seems to be the method that most workers re- 
commend in current work [Webb, Jeffrey, Harvey, Blumer, per- 
sonal communication; Sicgel and Degens 1966 
Crawford 1988; Andrews and Williams 1971]. Amino acids 
are concentrated and isolated from seawater by ligand ex- - 
erange “on Setter —Chelex 100 resin. Combined amino acids 
are determined by hydrolysis of the column eluate, which is 
tiemerun Tareueh the ligand exchange procedure again to 
obtain them as dissolved free amino acids. | 

Chelex 100 resin (Bio-Rad Laboratories, Richmond, Calif- 
ornia) has extraordinary selectivities for transition metals. 


such metals as copper will not bleed from the column when 


seawater is passed. The resin structure is 
ee COO —— ; 
R - CH» - N --+------------- ea 
Ch C00 = ae ; 
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mnere : 

Mis the metal ion 

N is the coordination number of the metal 

L denotes the added ligand (e.g., amino acid) which 

_pecomes bound to the metal [Siegel and Degens 1966] 
meen acylVesstees Of the Pésin are the inodiacetic acid groups. 
fete degree of success using this method is varied, which 
may be explained by variation in individual technique, and 
maemvaryimowoquality of the resins. It is something of an art 
meeaeote Of luck an selecting a good batch of resin. Webb 
and Wood (1967) and Riley and Segar (1970) have examined 
Siegel's lead (1967) and worked out this method to a high 
-degree of accuracy. Webb found that under his conditions, 
Pee emed SNS ice@st cocd for tie acidic preteGin amins aci@s; 
hues Uetaliivyepoor for aeons LSE ery meccdeter The 
pResphenic acids — he has tried [Webb, personal 
communication }. 

Robey ana oegar (1970) have found, using radioactive 
wieacers , that maximum removal of amino acids occurred be- 
tween pH 9.0 eee oe >. Appreciable Loss of amino acics: yere 
[gummcOo occur if more than 50 ml. of distilled water is 
usted to wash the column after desaltine. AUSO-< FO. reneve 
traces of salt before introduction into the amino acid ana- 
lyzer, the evaporated remains were passed through a cation 


exchanger. 


st 





—. 


The recovery etiichency Crepe sere che lex column falls 
mul cOontanued use, — it pee be regenerated. Webb and 
Wood, and Riley and Segar regenerate when the efficiency 
Grops to 802. . 

iy Evaporation Techniques for Concentration 

Evaporation is the most common procedure to reduce 
the volume of samples before or after the desalting step. 
The fundamental criterion is to evaporate as gently as pos- 
sible to prevent sample rearrangement or destruction. In or- 
der to minimize thermal decomposition, Palmork (1963b) eva- 
porated the acidified sample under vacuum to about 20% of 
original volume in a climbing film evaporator. This evapo- 
rator heats small portions of the sample at a time, at 
moderate temneratures (= 50°c). The rotary film evanoratar 
Operates Similarly and allows removal of salt crystals 


periodically to improve the efficiency [see Scheme C, in 


this section]. 


Eee LIPIDS 

There have been many investigations to isolate lipoid 
Substances from seawater. This is essentially due to their 
higher concentrations relative to that of proteins and car- 
bohydrates, and.the fact that lipids are readily extracted 
by non-polar organic solvents. 

Just,as with amino acids and soluble sugars, a descrip- 
tion et ene sempler used is frequently absent in Jano aaGers. tc 


eee Jeiirey, in her extensive Studies of lipo:zd 


hg 
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_— 


Substances, recommends a polyvinyl earoride Sampler ree 
With the extracting Eo OAL If quantitative results are 
desired, polyethylene samplers and containers should be 
avoided [Jeffrey 1970]. ; 

TeeWmem@aemeroad if Wable VY, filtering is achitteved, for the 
most part, by using 0.45 micron pore-membrane filters. How- 
peer, No description of precautionary filter washing is 
evident. Garrett (1967), to avoid possible losses due to 
Sumer ace active material, did not filter his samplers @ Umea 1 

Pot oute Kxtraction 

Riley and Skirrow (1965) concluded that solvent 


exeraction 1s probably the most efficient method available 


fOr recovering dissolved organic matter from seawater for 


[i=med. MOst investigators employ extraction. The most com-= 
nem system for lipid analysis after pre-filtering the sample 
ieludes solvent extraction WiUn wactum distiilacion, “ve 
remove the solvent, followed by either paper or gas 
chromatography. 

There are several drawbacks to solvent extraction. 
These include contamination from impure commercial solvents, 
and compound degradation during multiple or prolonged ex- 
crac t Lem. Also, lies vend CTO ade@em@pmonvo SOllG surlaces 
tumectemersOluLions and since acidae conditions are desirable 
SeieiIne Extraction, compounds may be lost. A pH level of 
Sseut cmfeas found to be optimum [Blumer 1970]. At higher 


poe fireewacids are partly ionized and incompletely extracted. 


Wg 
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meebower pH, the extracted material increases with extrac- 
Pieom Cyme due te ee entnac (sere polymers or to the cell 
fragments that have passed through the filter [Blumer 1970]. 
The solvents weed most extensively - Peceawencics 
Peemecunyl acevate, chloroform, and petroleum ether. Pentane, 
hexane, and carbon tetrachloride have been used in some 
studies. Jeffrey (1970) has found that ethyl acetate and 
chloroform removed more dissolved Organic Maverial by wear. 
e.g., including substituted groups, than did petroleum ether. 
meee ver, Gi) YOST cases, petroleum ether was found to recover 
Meuener pereenvages of carbon. As a result petroleum ether is 
pmeesirable solvent for such species as hydrocarbons, sterols, 
mamey oC2CQS, “ana triglycerides - the less polar lipids. 
Cn lomet Omm wand ety] acetate are recommended for compounds 
Pendant nommayeromy), phosphate, or carboxylic acid groups. 
Jeffrey (1970) found that ethyl acetate is more 
convenient than chloroform for extraction of seawater. How- 
Suelm a5 meted, acidic acid is formed when the seawater is 
ct Bedeenewmust be removed before extraction and prior 
Lo furtweer analysis. Also, besides having a higher blank 
than either petroleum ether or chloroform, ethyl acetate 
Meier OUuNnd CTO @aissolve more water and salt than both other 
solvents. This latter phenomena makes it @adifficult to dry 
Gae Cmibracts and it also may yield erroneous concentration 
fais, “Chiloroform; on the other hand, is conveniently 
Meaevicr tian salt water, and does not form acetic acid nor 


dissolve appreciable Sele. = OI. Jeffrey has also Pound Gas22 


Sy 
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ile aerobic coastal and oceanic: waters, chloroform is as 
eerclent as ethyl ike and much more efficient than 
mecroleum ether for extraction. 

Mmeeesesyecematic examination of min ddssolwed organic 
constituents in seawater, Blumer (1970) chose pentane as the 
~eampraccion Solvent for hydrocarbons and fatty acids. Dr. 
Blumer's choice is based on pentane's high volatility and 
ease of purification. 

Weecemoesition 16 postulated to be a cause of errone- 
ous concentration values after prolonged extractions [Kama- 
Peni and Matsudaira 1966]. If more than three extractions 
S~emrequired to recover a significant amount of lipids, another 
miemnod Of isolation should be used, since the compounds may 
be appreciably destroyed [Jeffrey, personal communication]. 
Blumer (1970) recommends mechanical agitation (Vibromixer) 
Peat ve results, and the usevof separating funnels 
Permmavanciltbative investigations. An internal standard is a 
Zameeole = fool to determine the recovery efficiency, and. thus 
the usefulness of a particular solvent in recovering certain 
dissolved constituents. Williams (1961) and Slowey (1962) 
both used an isotopic tracer technique to do this. Slowey 
used C-14 labelled stearic acid which was assayed by a pro- 
periLona | pomnien pemcia emebarie Thee percent wel recevery 
Weel livems (1965) weed a soluble tracer in the form of penta- 
deconic acid to examine the recovery of specific COMBOMe Csr 


It should also be remembered that the efficiency of 2 
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particular solvent will vary with the biological and chemical 
Gmaracteristics of the water eves. 
2. Lipoid Substances Measured and Other Isolation 

Procedures | 

Jeffrey (1963,1966,1968) has published the most 
comprehensive studies on lipids. In her studies, lipid 
extract was separated by silica gel chromatography into eight 
meu rods, ifom vne most polar, hydrocarbons, to the least 
polar, phospholipids. Most other researchers have focused 
on only one or two lipid species. 

Swinnerton and Linnenbom (1965,1967) have developed 
Seo orem tO purse Che volatile hydrocarbons from seawater. 
imey nave detected low molecular weight hydrocarbons up to 


_ 


n-Octane. Coular weight hydrocarbons, Riles s 
(1970) pentane extract method is applicable. 

Fatty acid detection has progressed through the 
efforts of Slowey, et al. (1962), Jeffrey (1970), Williams 
elgol, 955), Garrett (1967), and Ushakov, et al.(1966). 
These isolations were made, for the most part, by extraction 
although Garrett coprecipitated his sample with FeCl. before 
Cxemecnion. Ali but Ushakov subjected the total organic — 
matter to extraction and followed by methylation and gas 
eronaceerapny. Ushakov fractionated the fatty acid compo- 
Dewemertarst by thin layer chromatography before applying 
Peta iation and gas chromatography. 

Other @reanic acids have been detected in Seawater. 
These include phenolic acids [Degens, et al. 1964), Sige 
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chain organic acids [Koyma and Thomrson 1959,1964], and 

: , | 
volatile organic acids [Kamatani and Matsudaira 1966]. 

Sterols have been observed in studies by Adams (1968), 
Jeffrey (1970), Matthews and Smith (1968), and Riley and 
Taylor (1969). The latter paper introduced a new coo hot 
isolating the dissolved organic components from seawater. 
These researchers used Amberlite polymeric adsorbents manu- 
factured by Rohm and Haas Company, Philadelphia, Pennsyl- 
vania. These adsorbents are hard, insoluble polymeric spheres 
of variable Sea oe arcane DOrestetes and polaritvte or, a. ec 
iedeoemar adsorbents are particularly effective for adsorbing 
memi—polar solutes from polar solvents. Conversely, the high-— 
ly polar adsorbents are very effective for adsorbing polar 
solutes from non-polar solvents. The pnysicai properties or 
Amberlite XAD adsorbents are summarized in Table VI. Using 
appropriate solvents, Riley and Taylor (1969) were successful 
in completely recovering a variety of compounds from seawater 
Poelucding fatty acids, sterols, vitamins, surfactants, dyes, 
ijeeebnerades, and humic acids. They used Amberlite XAD-1. 
Calder and Fritz (1970) at Ames Laboratory have used XAD-7 . 
to isolate various lipids. They Sie came recovered 
Smeeanic bases, carboxylic acids and phenols by eluting the 
Paberbrite column with dilute strong acid (0.05 M HCl), dilm@tre 
weak base (0.05 M NaHCO.) and dilute strong base (0.05 M 
NaOH) respectively. Desorption was achieved by elution with 
ether, pentane, or methanol. After neutralization, they 


are readsorbed onto another column, stripped off, and cnar- 


acterized. Using a gas-chromatograyvh-mass spectrometer 


aS a 
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eemotiavron, they were able to detect 42 compounds. ‘The 
acrylic ester PP eaaiane (XAD-7 and XAD-8) are presently 
being used by several investigators at Woods Hole Ocean- 
Seieapatc institute to detect insecticide Pese ire dai. Cc 
Weavers. 

Neameseparation. colulinsmis ane@mer unigque i1sofation 
tool now being developed at the Naval Research Laboratory 
by Wallace and Wilson (1969). Satisfactory progress is re- 
Perved on fractionating such surface active materials as 
Meury acids, steroids, phospholipids, and proteins. The 
advantages of this method are that large volumes (~7 liters) 
of seawater can be processed in minutes; degradation of conm- 
pounds is minimal; and sample handling is reduced. The 
Meeed is specific for surface-active cempounds, and allows 
Sewreal and -cnromatographic identification of a significant 
group of dissolved organics in seawater. Jeffrey [personal 
communication] cautions against possible contamination from the 
neem Sas and recommends a larger foaming tower than the ones 


used by Wallace and Wilson (1969). 


Ce SOLUBLE SUGARS 

Most methods to detect and identify soluble sugars in 
seawater have been developed for "total sugars." These tech- 
niques involve hydrolysis of the organic matter and spectro- 
eeemometric analysis of the resulting colored compounds. 
Mfescmcolored compounds are the result of a reaction between 


Meemewears and such reagents as n-ethyl carbazole, antnrcne, 


a 
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phenol-sulfuric acid, and orcinol-sulfuric acid. Such methods 
are commonly ciety and non-specific. 

Lewis and Rakestraw (1955) studied the total carbohy- 
Grave content in seawater by the use of the rere and 
Peony carbDazole methods. They found that, based on ara— 
binose as a standard, both methods demonstrated comparable 
selectivity but observed that anthrone was the more sensitive 
of the two. Chloride-ion correction factors, and decompo— 
sition of the colored reaction product were problems. Gi Gl 
ana Wangersky (1955) modified these methods by using glucose 
Spee reverence, and by placing a thin Vayer of mineral’ oil 
over the sample to prevent oxidation during the reaction. 

The anthrone method was further evaluated for determina- 
tions of total hexose, keto- and aldo-nhexoses, hexuronic 
acid, and pentose [Anita and Lee 1963]. These workers con- 
aitided that this was the most sensitive and precise colori- 
Merric method to estimate these groups of carbohydrates. 
However, probable interference with other chemical consti- 
Memes andea threshold sensitivity that bordered on the natural 
concentration levels of marine sugars were two serious 
drawbacks. 

Dubois and his co-workers (1956) developed a phenol- 
Su@rruric acid method to determine the presence of carbohy- 
drates. In this method higher saccharides are hydrolyzed 
mevo monosaccharides and then cycled into derivatives of 
ime rural . Reese derivatives are condensed with phenol to 


give a chromophore in solution which has an absorpticn 
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spectrum maximum in the visible region. The maximum 
Sbeerpuaon depends a the hatehemenaeccharddesmeonsidered. 

Handa (1966) made a comparative study of the phenol- 
Peete acid, arthrone, and n-ethyi Mh ar cle MeL aods . 
ne aonoineer frOMmenis Suu rmac toe wemenol (Sumuric acid 
method is the "most recommendable for determining total 
carbohydrate in seawater." Handa has used this method in 
meectisi Ve SLUdIeS ef the carbohydrave content of Japanese 
coastal and oceanic waters [Handa 1967a,1967b,19704. 

1. Recent Taso onenc eS 

hecenvulyawwerrorts have bechmuade TO sages Ze cand 

meentaty individual soluble sugars on a@ more continuous 
m@fws. much tools as enzymatic assays, chromatographic 
Loner eGmeance membrane eleceewedsalvsis 
analysis systems have been employed in these more 
eiesemoaLred systems. These methods are listed in Table 
el . 

Pereauatlc Assays 

Glucose, due to its relative Veeundancesin eae, OCean 

(up to 45.6 Mg/liter) [Josefsson 1970] and to its role in 
photosynthesis [Vaccaro, et al. 1968] is an important bio- 
chemical parameter to measure. Hicks and Carey (1968) have 
developed an enzymatic assay tO GCetvemmne gSitcese in Seewer cia 
After pre-filtration, glucose is coupled to a series reaction 
that yields a reduced coenzyme. Catalyzed by diaphorase 


meee coenzyme is Ehen allowed to reduce™a dye, resazurin, to 


a 


erro miy flworescent product, resarugin. The amouny oc 
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resarufin produced is proportional to the amount of glucose 
present in the pein sample. A fluorometer was used to 
measure the excitation and emission peaks of resarufin, 

which after calibration yielded the amount of glucose present 
iecieit 5 milliliter water samples. By comparison with 
Swanderds, they found the assay to be sensitive to within 

iy liver. Their results were confirmed independently by 
Vaccaro and Jannasch (1966). Vaccaro, and his co-workers 
(1968) have successfully employed this assay to demonstrate 
the eeceurrence and role of piucone in the open ocean. 

In a recent paper, Andrews and Williams (1971) measured 
fmewex1 dation rate and concentrations of glucose in the 
*English Channel. In their method the sugars were isolated 
Mapes On 2asOorpcion column, eluted, ame then cevermnee 
enzymatically by the glucose-oxidase system. Based on Cs 
Mebelled glucose as'a tracer, they claim a sensitivity of 
within eee iver of glucose. With concentrations of Carbo- 
hydrates commonly within the range of 1-10 “g/liter, the 
precision associated WIth SsUuCh CnNZyMavilCwassays are Mer 
@esuring. Because of the high selectivity characteristic 
of enzymatic assays, and their elimination of any isolation 
and fractionation steps, more senSitive assays would be 
Sruraera ve . | 

3. Other Techniques 


Several investigators have been successful in iso- 


Mating sugars from seawater by using charcoal absorption 


- 
PA tava) 


columns [Wangersky 1952; SCneeler eG os. send) Ke) line 
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Desorption from the column, always a problem sneeeeinn on 
absorption, has been achieved. by gradient elution with 10- 
20% ethanol. Improved results have been obtained by pre- 
treating the carbon columns with Celite (hyflo-supercel) 
Memaines 1966). Schaefer (1965) has worked out a set of 
optimum conditions and details for the isolation of soluble 
suears from seawater. 

Electrodialysis using ion-exchange membranes has 
been used by Josefsson (1970) to isolate soluble sugars 
Prem sea waters. This method has great potential for neutral 
femeeewles like sugars, which are not greatly influenced by 
an electrical field. Because desaliting is continuously 
woeented OUT electrically, the membranes do not require any 
Cnemical regeneration. <A 2.2 liter capacity electrodialysis 
unit has been used by Josefsson. The membranes themselves 
are manufactured by milling ion-exchanger beads onto a binder 
Such as polythene. An anionic and a cationic selective 
membrane are used simultaneously. Although the desalting 
time is 24-30 hours, Josefsson claims that this time may be 


Pear iecagr ly reduced without loss of etffire tency. 


VI. IDENTIFICATION OF INDIVIDUAL SPECIES 


A. AMINO ACIDS 
From Table IV, it can be seen that there are basically 
four techniques that are used to identiiy the indy 


amino acids or their derivatives in a desalted seawater 


— 
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Slike... These are two dimensional paper chromatography , 
two dimensional i gages chromatography, gas 
chromatography, and an automatic amino acid analyzer. 

In a comparative study, Chau and Riley (1966) found 
that thin-layer chromatography is more sensitive and rapid, 
and the resolution of the amino acids is better, and the 
tailing is less, than in paper chromatography. Jeffrey 
[personal communication] recommends spraying with 0.1% 
meee drin in n-butanol or acetone, and heating at 110°C for 
ifs—--O Manutes. in addition, the spots can beseasily removed 
and eluted for spectrophotometric analysis. However, this 
method can only give partially quantitative data at best. 
Degens, et al. (1964) made visual comparisons of TLC spots 
with knowns and could only be accurate within + 15%. Quan- 
titative results are increased by using an analytical scan- 
Wang device to examine spots representing the ninhydrin 
complexes. Riley ree (1970) used the Joyce Loeble 
Chromoscan with a thin layer scanner attachment. They found 
this to reduce their analysis time by several hours, and 
produced maximum DEeeecislous ire = OOiyaae7 for alanine to 
40.5 Me/1 for phenylanaline. ~The eluate from a Cu-Chelex 
100 column was found to contain a ninhydrin-negative material 
pee oprapni ne in the non-leucine region [Wainer and King 
no. |\. Webb and Wood (1967) have seemed to solve this pro- 
blem by passing the eluate from the Cu-Chelex column through 


eaearero—column" of Chelex. 100 in the NH; form. Their 


feelers indicate complete purification.) 
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Gas. chromatographic procedures, for matwrak amamo acids 
[Gehrke, et al. 1968] and Kunisaki, et al. 1969] have been 
developed recently. These researchers found that n-trifluro- 
acetyl n-butyl esters to be the amino acid derivative best 
Suiced ror gas chromatographic analysis. 

0 
i! 
CH - CH - C-0O - Cyrig 


HN - C - CF 


I 5 


N-trifluoroacetyl, N-butyl ester of alanine 


The particular advantage of these esters lies in the fact 
that woeee fluorine atoms are introduced into the molecule, 
inereasing sensitivity to electron capture detection. Kuni- 
Sant and his co-workers (1969) found that except for histi- 
dine and cystine, tryptophan and arginine, the 
reproducibility was very good for all other amino acids. 

fhe amino acid identification tool used more and more, 
and recommended by many workers, is the automatic amino acid 
analyzer. This device allows quantitative determination of 
ammo acids by aoneecesk recoraqime stmesninhnydrin comer 
value from the effluent of ion-exchange columns. Ion- 
exchange resins are used as the separation medium. Tech- 
nicon and Beckman instruments have been used. With this 
eamealyzer, the hydrolyzate of a protein orspeptide may be 
analyzed in less than 24 hovrss with minimum attention. An 


ectmmmearte Of such continuous autoagmadgzers includes ees 
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manipulation of the sample during the automated process. 


Pemever, tne problems» of collection, filtering, desalting, 


and concentration remain. 


Eee U8 PEDS 

Based on the many studies and observations by Jeffrey 
(1963,1966,1970), the seawater-solvent extracts can be 
PmeacperiZed both qualitatively and quantitatively. 

Complete quantitative results are time-consuming, requir- 
Meemeecmaration of the lipid extract by elution from a Salicic 
acid column, thin-layer chromatography of the fractions 
meee d, and chromatography of the Iiprd derivatives. In 
pelle cases, Mass Spectrometry is necessary after chemical 
Sevearation for absolute identification. Jeffrey was able to 
separate the lipid component into 8 fractions according to 
Mmeerrepolarity. The silicic acid columns used by Jefirey 
were eluted in the following order, with 1%7,4%, and 25% 
=o euner in petroleum ether; pure ethyl ether; acetone ; 
20% and 50% methanol in dichloromethane; and pure methanol. 
This elution scheme separated the 8 fractions. Blumer (1970) 
describes another scheme used in his pentane extract study. 
He also used silica gel and notes that the adsorbent should 
besparttally deactivated to minimize Cavalyvic reactions 
Suen as Pepvdration. Functional group tests [Wallace and 
Wilson 1969], solubility tests [Jeffrey 1963] and photometric 


techniques [Anita 1963; Riley and Taylor 1969] are applicable 


Comes 





oy 


to such. isolated fractions. These auxiliary tests are 
eewmarilyeaused to seen thin-layer or gas chromatography 
eam@anlyses . 

Qualitative results can be obtained by Prigeaew ec: chro- 
meacvography of the lipid extract of 0-20 liters Nie CM 
Jeffrey [personal communication J recommends chromatography 
Wath Silica Gel G on 8" x 8" plates in 1) Toluene-ethyl 
acetate (19:1 by volume) for hydrocarbons, sterols, fatty 
acids, etc. (non-polar compounds); 2) chloroform-methanol- 
water (14:1) for increasingly polar compounds (Phenols, 
Simple substituted phenols); 3) Butanol-acetic acid-water 
@re-i) for even more polar compounds and finally, 4) Pyri- 
dine-acetone-NH)0H(10:6:5). Sprayime wr 0.20257 dichile= 
rofluorescein in methanol shows up lipids veryv vividly under 
an ultraviolet light (long wave length). No heating is 
mieessary for development of the spots. 

Gas chromatography has been used to identify lipoid 
substances by various workers [Jeffrey 1963,1966,1970; 
Slowey 1962; Williams 1961,1965; Swinnerton and Linnenbom 
1967; Ushakov, et al. 1966; Garrett 1967 and Blumer 19 Oe 
[lms analysis has been applied tO Cither the wray Solvent: 
[a@practs or to the methyl derivativessom the constituents 
Cine fractions eluted from chromatographic columns , “end 


thin-layer chromatographic spots. 
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fee oOLUBLE SUGARS 

For the most atin fine aden tcatwen of seltmble sugars 
has been attempted by analysis Of enzymatic eeeoecr On products. 
eeeevrophotometric techniques, and simple AR een micro- 
meemeds (Table IV]. These methods nave either been too in- 
mime lve tO lower concentrations, Or subject to excessive 
mMamipulaticn of chemical reagents while attempving vo effect 
emeesired reaction. Non-reproducibility and low resolution 
of the total sugar content into its individual species are 
feecO Shortcomings. However, a new procedure, worked out 
by Mopper and Degens (1971) has minimized these problems, 
and is developed for use in an auto-analyzer system 
mi@echnicon 1965 ]. 

Monper and Degens nass the sample conmtinvemstly threven 
an anionic column in the sulfate form. .The sugars are separated 
in the column as it‘is eluted with 89% EtOH. The eluted 
eim@ears are treated continuously with a basic solution of 
@eerazoleum blue. Tetrazoleum blue is more Sensitive and ltecs 
Cemeosive than either orcinol-sulfurie acid, anthrone on enero 
sulfuric acid. The limit of sensitivity is 107° to 1079 
moles. The major success of this method is due to the devel- 
Gemeny of the applicability of tetrazeleum bine for use dn 
capillary tubing. Monosaccharide Mixvtmessare fully reco ce 
in 3-4 hours. This procedure should be able to comolement 


Josefsson's electrodialysis procedure to give quantitative 


meets 1Or soluble sugars. 


10 





4 
\ 


VII. DISCUSSION AND CONCLUSIONS 


The primary objective of examining the chemistry and 
Mecmmigues used in the study of trace organic matter in 
poowevel Was to sort out methods OF rapid araly sis "veer 
can be used routinely by chemical oceanographers on board 
sgap. Other criteria considered in this analysis include: 

moo lcCLiVity for specific type of Molecules sya cn 

mespect tO Size, IUmeumenal  awoMps seuc.. 
2. Destructive or non-destructive analysis with respect. 
CeOmeomooume 2) teragmel: 


Co rerauoOus.. OF Davy chmeie @ic maraen,, 


Quantitative or qualitative analysis; 


nil 


Reliability based on usage by independent researchers; 


oN 


Rigorous, or quick analysis tor approximate resulus 
with respect to quality and accuracy of the desired 
data, 

Ome finding that 1S apparent 1S that there is no precedure 
standardization. This is evident especially in sampling and 
(Mirastom. Because of this variabilaty from technique to 
technique, it was extremely difficult to compare the results 
of independent researchers. Much of the published works on 
dissolved organics is qualitative or unreliable due to the 
Weenwotl Unsatisfactory or incompletely tested analytical 
methods. Chau and Riley (1966) arrived at this same conclu- 


Seow. OUuL teneir findings were not eEmpnasized, and rese=rvek 


fa: 
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perOr Use based on questionable processes CChmimme to ramify . 
is report JenenseRebes the diverse procedures used, and 
em@eulid help to direct future efforts #n a direction that 
tae achieve routine, rapid, reliabie ecenEMawes which ean 
De used as tools of chemical oceanography. 

mae Tirst analytical consideration must bem the collection 
eerepresentative samplesewotf seawater from the water column. 
Tale lists Samplers that have been used or recommended 
hems colleetion of seawater for dissolved organic analysis. 
seepilierws collect seawater in discrete volumes in situ or by 
pw@mping from depth to a vessel at the surface. Present ana= 
lysis systems require both kinds of raw seawater input. They 
are each useful with appropriate systems. 


An ideal 


v)) 


itu or batch tyne samnling device has been 


ec — 


| {te 





developed by Clark and his co-workers (1968). Their "rup- 

ture disc-triggered"” sampler is specifically designed for 
Gms so lvedeerganic work, and it™ensures minimum veontanimmatien 

by using glass. Although others recommended polyvinyl chloride 
mere 1S always some quesiion about bleeding pilasticizers 

and the problem of keeping this material gical Citas device 
Hemmervhy @f consideration as a standard for obtaining synop- 
me dissolved organic profiles. Similar “rupture disc” 

bettles should be designed which can be attached in multiples 
on a chemically inert hydrographic "wire." Uncontaminated, 
representative seawater samples must be collected if analysis 


@eetrace» organics is to become a routine matter. 
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rumbang systems , constructed of noncontaminating materials, 
such as those ee by Zeitoun and his co-workers (1965) 
meve the advantage of COlLVeCeIn Ss cone liIueUs ms eile a vill ch 
meres che potential for obtaining continuous ee as 
well as large volumes. There is still some doubt as to 
Peer ble maxing, compounds alteration, or *biologi#eal cell 
ieovure Gdurins passage through the tubing and the pump itself. 
A feature which may be developed for pumping seawater from 
feereote ACouns is on line filtration, preferably at depth. 
Semenvattempt has been made by Laird (1967) as well as 
Zeitoun eo In the past, continuous pumping systems have 
mememsed for delivering large volumes to collectines systems 
“€pivomized by the charcoal adsorption columns used by Jef- 
ale Jer oCuarr’s ec CO Cay aie mea eae 
amounvtvs Of organic material for identification, systems dike 
was May have a future when more sensitive systems which 
Pea@uire less water are available. 

The results and observations of many workers sugcest 
that combusted glass fiber and washed metal fiber filters 
Bomucece ime CONnjJunction with an inverved multiple Filver 
system. Pre-centrifugation may be useful with the develop- 
meme Of a large volume centrifugation unit. The main advan— 
wase “Ol glass and metal fiber filters over cellulose ester 
membrane filters is more effective filter cleansing. Means 
should be developed to use glass and metal filters “in line" 


Cre = 


mime CcOnvtinuous pumping SYStems, as wellwas in Daven 72 


D 


( 


Mme tie wnverted multiple filtration principle Use FF 


- 


eS 





oo 


Lewis and Traganza Crom) minimizes filter clogging and com- 
pounm@™ and cellular Sires Parker (1967a) and Lewis and 
Traganza (1971) both concluded that use of large volume 
Gemc~rifugation as a pre-filtration step to Pian breolecrcam 
feeiceehay might rupture on, or clog the filter, is the 

most efficient separation scheme. Ideally, a simple anda 
weecourve™=tiltering procedure should be agreed upon fer 
widespread use. In this manner, future studies would have 
amore representative "dissolved organic fraction" upon 
Wich to begin analysis, and compare independent results. 

After proper "filtration," the seawater filtrate is 
assumed Co contain organic and inorganic matter no larger 
than 0.45 microns in diameter. Isolation of the dissolved 
Peeaiic matter in this sub-sample trom the relatively Vase 
amount of inorganic salts (desalting), and subsequent frac- 
PiemiarlOon intO individual organic compounds, are both essen 
mwal and formidable steps in the analytical scheme. It is 
Wee a Simple task to sort out accurate and reliable methods 
@@ac are applicable to routine use aboard ship. 

Ware results of this systems analysis of the mevhnods fem 
analyzing the three groups of dissolved organic compounds 
Sewected for consideration —- amino a¢id@s, certain Lipids, ane 
Soluble sugars - demonstrate that current methods employ a 
variety of techniques. After analysis and systematic eval- 
uation of all these techniques, those which would serve as 
—epid and potentially routine tools” for eee organic work 


were selected. 
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Based on the data in Table iV and the recommendations 
of many investigators, free and combined amino acid concen- 
trations can best be measured by the use of a Cu-Chelex 100 
fesaga column to selectively adsorb and remove the amino acids 
from the dissolved salts. This step is followed By ede aon , 
concentration by film evaporation, and identification adapted 
to autoanalysis of the concentrate. Andrews and Williams 
(1971) have successfully worked out the latest details of 
this scheme. The weakest link in this system is in the in- 
accuracy during autoanalysis of individual amino acids caused 
ieanchrOnabographic interference. The use of .an identifica— 
tion scheme developed by Gehrke (1968) and Kunisaki (1969) 
and their co-workers would obviate this shortcoming by forming 
e@maiinmO acid ester that is aménabie to Sensitive gas ehroma-— 
weercaphy. These authors report that n-trifluoroacetyl n-butyl 
ester derivatives allow excellent precision with most free 
and bound amino acids. With appropriate automated gas chro- 
matography as an improvement over the autoanalyzer [Figure 3], 
this should be a reasonably rapid and routine technigue that 
eeulad be taken to sea. 

Other methods of amino acid analysis eae the derivative 
reaction technigues developed by Palmork (1963a) and Litchfield 
and Prescott (1969). The potential of these methods lies 
imeem tact that they minimize compound alteration by=pro— 
eins amaO..acid derivatives that -arem@nanuiacuumed Agevie 
raw seawater sample. The dansylation reaction, which yields 


1 


towdilveciborescent product, is desirable sdue to the ich 


15 





ma@otcivicy of Fluorescence analysis. However, ries eh 
Oop lLems as rite! low selectivity and recovery are 
wemycd, these derivative techniques are not now applicable. 

The majority of the research on lipid Ae setts [Table V] 
aeeoeen based on liquid extraction. Although thie*vech— 
mraue 15 Simple, it is not attractive due to the time consuming 
Weeeciole extractions required and the cumbersome handling 
involved. A recently developed adsorbent technique is superior 
memes respect, and has successfully isolated fatty aeras , 
Meaerols, Vitamins, Surfactants, dyes, insecticides, humic 
acids, phenols, and organic bases from sea salts [Riley aaa 
Taylor, 1969; and Calder and Fritz, 1970]. Both research 
weams used Rohm and Haas Amberlite adsorbents. Since the 
meeeeruea specics must be eluted from the collmn in Sswomence 
Geeording to their polarity, after neutralization, the eluved 
sample is readsorbed onto a second Amberlite column, stripped 
off, and Peracrerived by gas-chromatography [Figure 3]. 
Swen an analytical arrangement could be set ub in a Ship— 
peard laboratory to analyze these important organie econsta— 
ieenlsS al sea. Reagents, a few adsorption columns, and a 
gas chromatograph would be all the materials that are needed 
Go roucinely and selectively measure fatty acids; phenols, 
ama sterols oot this broad spectrumeor comeounds. 

Baght hydrocarbons have been Succescm ely “aasaveduly ea 
method developed by Swinnerton and Linnenbom (1967). This 
method is extremely accurate due to highly developed gas 


Cmmemacocraphy. In addition, Swinnertoneeas refined hx 
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System to a relatively rapid, and routine analysis of hydro- 
Carpeens wp to n-octane. For heavier hydrocarbons Blumer's 
pentane extraction method is reliable , but suffers from the 
Slemveemings of other liquid extraction Pe cnnclaieee 

Poem separatory columns are vused to Te0Velvewcurmace aClive 
ipods awed proteins. This technique which is currently being 
developed at the Naval Research Laboratory may become a useful 
tem ama Some analyses, but is not very practical for general 
shapboard use. 

Because "total sugar" ee are not selective, and 
em@ewmatic assays are not sensitive enough, most investigators 
measure ty Lem SyEe concentrations” utili Zine emer ecal eaaserp— 
omer cOlumms. Continuous or batch sampling is applicable to 
Compen columms. but of course the adsorbed sugars musv be 
eluted. Successful desorption of the sugars has been achieved 
by gradient Bhat ten iver 10-20% ethanol [Keiling 1968]. 

Omier advances include pre-treatment of the carbon with 

Pemree, a hyflo-supercel, to accelerate flow through che 
comm. Such columns, seven feet in length, have beenssuccess— 
fully used by Jeffrey (1969) to isolate three milligrams of 
Sieeamaeematter from 9,000 liters of seawater pumped from 

Seen. tne uMatlCractive feature is GHe time consuming desorp- 
ie Longe However, once the, raw seawater Gempumped tietough the 
Comumas. they may be sealed for later etucton and fraction— 
ation. The newly developed method of Mopper and Degens (1971) 


aevovws identification of the descrbed sugars on an 


el 





autoanalyzer, after evaporation. in 4 climbing or rotary 
film evaporator Pree a. 

Ton-exchange membrane electrodialysis first proposed by 
Jeffrey and Hood (1958) has recently been eeone teas Deed 
G@egree of accuracy by Josefsson (1970). In this method, 

Be liters at a time are electrodialyzed through an anionic 
amd cationic membrane simultaneously. This desalting step 
may be effected in several hours with sufficient voltage. 
meee ver, Chis is not reasonably rapid for shipboard use- 
The Mopper and Degens autoanalyzer method (1971) is also 
meereahble to the desalted seawater aiter film evaporation: 

Figure 3 summarizes systems which are considered poten- 
@ameey TLne most rapid and accurate methods for measuring 
meme CONCeEntration levels of amino acids. lipids. anc Soiubte 
melas) in seawater. Batch type Samples collected by mediiived 
Memoture disc” bottles are proposed inva norma hyarccace 
mode. Large volume pre-filtration centrifugation and/or 
reverse flow multiple filtration are proposed as procedures 
moeetemoval of the undissolved fraction. Soluble sugar 
analysis is patterned after the “Senmeont imvewecomarcOal Sceneme 
developed by Jeffrey (1969). 

Once these systems for measuring these organic compounds 
are a reality, they can be complemented with Edhardt's (1969) 
terwreaviolet autoanalyzer technique fOr Measuring total orcanie 
carbon. Further useful correlations Mayo ObGalmed iby 
Measuring urea concentrations which are aerate 1 elreac aa 


_ 


routine matter with the use of the autoanalyzer [Newel 


~ Fox 
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Figure 3. "Ideal" Analytical Schemes for Measuring 
Dissolved Organics in Seawater 
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Siemresults of this study have unquestionably supported 
gas chromatography and the “auveanalyzer” as spowerful tools 
which are beginning to solve some of the difficult analytical 
eeovlems Or the organic chemical Cee There are 
eee ements to be made, especially in autoanalysis of 
Speciiic organic compounds. Perhaps some professional society 
Baould sponsor a conference on Ofganic Systems. Nis paper 
eeula we a useful basis for organizing winis type of ci fore. 

pO many phySical; biological, gedlogieal sand ehemear 
processes and properties Ais iInfiviemeedsby= dissolved  orcanile 
Mauvcer that it is imperative that new analytical methods be 
developed and ue@ae For example, glucose and glycine are 
mero uwally ubiquitous and should be able to indicave biological 
trends in the ocean. These two compounds are “ideai* in 
mae they are readily négeueean highly variable, and widely 
Peete rine . ROME netacdsu re memes Om aucn eompounds may reveal 
©@r predict many marine processes. We may not be able Vo 
discover the entire spectrum of dissolved organic matter 
Berore i has changed significantly, but wide analytical 
Coverage + key compounds may provide an adequate index. 

Future plans should be to develop and use automated ana- 
m tical systems similar to those secon in ni So epawer. 

mm chese systems ean be developed and coupled with "auto- 
mealysis" of total organic carbon, it woul@ be pessible to 
construct a complete synoptic picture of the importance of 
Gass olved organic matter in oceant¢ processes and prepertica 


- 


Ot Seawater. 
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